Abstract-A noncollision packet reservation multiple access with dynamic allocation (NC-PRMA/DA) scheme is proposed and investigated as a suitable candidate protocol for wireless multimedia communications. Access requests of the existing users in NC-PRMA/DA are conveyed to the base station (BS) in a noncollision manner by using a time-frequency signaling scheme. In addition, the Scheduling NC-PRMA/DA (SNC-PRMA/DA) scheme, which is NC-PRMA/DA with packet scheduling, is also presented. Mixed voice, variable-rate video, and data traffic is used to demonstrate the efficiency of the proposed schemes for a single-cell environment. Simulation results show that our proposed NC-PRMA/DA and SNC-PRMA/DA protocols outperform the existing PRMA/DA protocol.
I. INTRODUCTION
With the rapid development of high-performance devices, such as portable computers, personal digital assistants, and portable videophones, the demand for providing multimedia services over wireless personal communication networks (WPCNs) has been rapidly increasing [1] . In future WPCN systems, different media such as voice, video, and data should be coexistent. The system should have the capability to multiplex these media in an effective manner according to their quality of service (QoS) requirements. A major technical issue related to the support for multimedia communications is the selection of a suitable medium access control (MAC) protocol to efficiently arbitrate multiple mobile stations (MSs) on a common shared transmission medium. In this paper, we design a suitable MAC protocol and investigate its performance for future wireless multimedia applications.
Traditional random assignment and fixed assignment MAC schemes are unsatisfactory for future wireless multimedia communications. Random assignment methods, such as ALOHA [2] and carrier-sense multiple access/collision avoidance (CSMA/CA) [3] cannot easily meet the QoS requirements of real-time applications, while fixed assignment schemes, including frequency division multiple access (FDMA) and time division multiple access (TDMA) are inefficient for the transmission of busty traffic. The demand assignment access control scheme, which assigns bandwidth to users dynamically based on their needs, is a feasible approach for heterogeneous traffic environments [4] . To utilize the demand assignment MAC protocols, one approach is to design new features into existing protocols. Several MAC protocols have been extended and proposed for multimedia applications, including dynamic time division multiple access (D-TDMA) [1] , variants of packet reservation multiple access (PRMA) [5] , and distributed queuing request update multiple access (DQ-RUMA) [6] . The D-TDMA scheme has been extended to support multimedia traffic by Raychaudhuri et al. [1] . In that study, the multiservice-dynamic-reservation time division multiple access (MDR-TDMA) scheme was proposed. The MDR-TDMA scheme is based on a TDMA frame structure, and each frame is classified as a request slot or message slot. Request slots are used to convey access requests of users via a random access scheme, such as slotted ALOHA. Message slots are used to carry constant bit rate (CBR), variable bit rate (VBR), or available bit rate (ABR) traffic. Several adaptations of PRMA have been proposed to enhance the performance of the original PRMA protocol [7] - [9] . An access scheme, named centralized PRMA (C-PRMA), has been proposed by Bianchi et al. [7] . In the C-PRMA system, the base station (BS) serves as a radio resource manager by scheduling the transmission of mobile terminals. When a mobile terminal is ready to transmit packets, it sends a "reservation request" in an available slot to the BS. The available slot is split into several minislots to grant the reservation requests. The reservation request contains only the terminal identifier and the value of lifetime of the head-of-the-line packet that is the most emergency packet should be transmitted in the local buffer. In each time slot, once a reservation request is correctly received, the BS uses the scheduling algorithm to add the corresponding terminal identifier to a polling list subsequently to generate polling commands. The polling commands are used to specify whether a slot is "available" or "reserved" and to identify the terminal enabled to transmit a packet in a reserved slot. The BS might fail to correctly receive the packets because of the interference noise from the co-channel cells. Since the BS does not successfully receive the packet, it can immediately use the polling command to inform the corresponding mobile terminal to retransmit the corrupted packet. The BS can efficiently assign the reserved slots to the terminals without a fixed frame structure. Consequently, corrupted packets can be quickly retransmitted to increase the probability to be correctly received within their lifetime. In addition, an extended PRMA (E-PRMA) protocol was introduced in [8] . In the E-PRMA protocol, reservation slots are also subdivided into minislots to increase the effective permission probability for a terminal to transmit its reservation request. In addition, the multichannel structure of the E-PRMA protocol results in a higher probability of finding a reservation slot.
Both C-PRMA and E-PRMA allocate certain fixed portions of bandwidths as control slots for access requests. To relieve the waste of unused control slots and to reduce network access delay, the concept of dynamic allocation of available slots is adopted into the packet reservation multiple access/dynamic allocation (PRMA/DA) protocol proposed by Kim and Widjaja [9] . Kim and Widjaja consider a true multimedia communication scenario, which includes voice, variable-rate video, and data. The BS acts as a bandwidth allocation manager and tries to satisfy the anticipated QoS of each call or session via the operation of the resource allocation algorithm. The resource allocation algorithm distributes slots effectively according to the statistical properties and priorities of different services declared in the call set-up procedure. However, in PRMA/DA, the packet rereservation delay of constant-bit-rate services, e.g., voice services, is still large due to the inherent contention mechanism of the PRMA protocol. This drawback is even more serious if the QoS guarantee is required in a wireless multimedia communication system.
The DQ-RUMA protocol was for the first time proposed for wireless ATM networks by Karol et al. [6] . The operation of the DQ-RUMA protocol is on a slot-by-slot basis. Access requests are transmitted to the BS via the access request channel on the uplink, whereas the BS responds using the acknowledge channel on the downlink. The permission for a transmission assignment is broadcast through a packet transmission permission channel on the downlink according to the priority of the traffic class and the Request Table, which contains request information of all terminals. In DQ-RUMA, the bandwidth requests of the admitted and reserving users are transmitted to the BS through a piggybacked request bit in a collision-free manner. A slot assignment scheme for the DQ-RUMA protocol, taking into account the packet generated pattern of voice users, is further proposed by Yamamoto et al. in a wireless local area network (LAN) that accommodates integrated multimedia traffic [10] . The VBR transmission delay and CBR packet dropping rate are notably improved as compared with the original DQ-RUMA protocol. Unfortunately, new access requests and idle VBR and ABR user connections will contend with each other for reservations in the request access channel. Hence, the initial access delay problem still remains unresolved. Furthermore, the DQ-RUMA protocol suffers from a problem with synchronization between the acknowledgment channel and packet transmission permission channel, which sometimes keeps a user listening to the downlink slots for a long time before it hears its transmission permission.
To satisfy the QoS requirements of each call or session in a multimedia communication environment, the bandwidth demand of active (reserving or idle) users should be reported to the BS immediately. Since the NC-PRMA protocol [11] can avoid the collision phenomenon when users transmit ACTIVE requests to the BS, we believe that it is a suitable access scheme for multimedia applications. In this paper, we use the NC-PRMA access scheme to refine the PRMA scheme in the PRMA/DA protocol and name it the NC-PRMA/DA protocol. The NC-PRMA/DA is a centralized and frame-based protocol. Therefore, the active users have more ability to perform handover or power saving functions. Another scheme, called scheduling noncollision PRMA (SNC-PRMA), was proposed in [12] . SNC-PRMA combines the NC-PRMA scheme with the scheduling algorithm of C-PRMA protocol, i.e., the BS can operate a scheduling algorithm to identify the terminal that is able to transmit a packet in a reserved slot. For the NC-PRMA/DA and SNC-PRMA/DA protocols, we also adopted the statistical time division duplexing (STDD) scheme besides the FDD scheme [13] .
The rest of this paper is organized as follows. The proposed noncollision packet reservation multiple access with dynamic allocation (NC-PRMA/DA) protocol is described in Section II. Section III explains the resource allocation algorithm adopted in this paper. Another protocol, known as SNC-PRMA/DA, is introduced in Section IV. The simulation assumptions and performance measures are summarized in Section V. In Section VI, we present the relative performance of NC-PRMA/DA and SNC-PRMA/DA protocols by way of simulation. Finally, conclusions are given in Section VII.
II. DESCRIPTION OF NC-PRMA/DA PROTOCOL

A. Protocol for Multimedia Communications
The architecture of our proposed system is classified into three parts. They include MSs, BS, and fixed backbone network. In this architecture, a BS is located in the center of a cell with mobile stations distributed around it. The BS acts as a bridge between mobile users and the fixed network and relays the traffic between the communication participants. Since NC-PRMA/DA is a centralized MAC protocol and is suitable for packet-switched transmission, the BS has the capability to multiplex different media according to their QoS requirements. In this paper, we concentrate on the wireless multimedia system, including CBR, VBR, and ABR traffic. All kinds of media are packetized into the same size packet before being transmitted over the air interface. In this paper, the ATM cell relay paradigm is considered as the basic unit of protocol processing. To prevent confusion, the term "packet" is used to denote the ATM cell. Fig. 1 shows the frame structure of the NC-PRMA/DA protocol with the FDD scheme. Uplink and downlink traffic is transmitted on separate radio channels since FDD is used. The channels are partitioned, in time, into frames, and the frame duration is identical to that of a speech packet at the source rate. Each frame contains N f information slots and one control slot. To design the time-frequency signaling scheme of NC-PRMA [11] , the information slots are used to carry information bits without the overhead of the ATM cell header. The time-frequency signaling scheme is explained in the following paragraph, and its corresponding design issues are considered in Section V. The control slots are used to carry control messages. The uplink control slot (C U ) is further divided into m control minislots (CMs), and each CM can accommodate n different single tones, where each CM serves as a time interval for the frequency-time signaling scheme. By using the same idea for the fast frequency-hopped multiple-level frequency shift keying scheme [14] , [15] , we assume a bank of n-frequency receivers is realized in the BS. During each CM period, up to n terminals can transmit their signatures to the BS using different tones. Since there are m CMs in one C U , the time-frequency signaling scheme can generate (m 2 n) different signatures with each being uniquely recognized by the BS. Therefore, each pair of (i; j ), where 1 i m and 1 j n, can identify a specific terminal for the purpose of slot allocations in the BS. In the downlink channel, the control slot (CD) is partitioned into N f assignment minislots (AS's). Each AS n (n N f ) consists of auplink identifier (UID) and a downlink identifier (DID) field. The UID field specifies the ID of the terminal that has the right to transmit a packet on the nth information slot of the uplink, while the DID field indicates the ID of the terminal that needs to receive the packet from the nth information slot of the downlink. Hence, by hearing every AS in each downlink frame, the terminal can realize which slot is allocated to it to transmit packets to the BS or to receive packets from the BS.
B. NC-PRMA With FDD Scheme
The BS assigns a signature pair (i; j ), where 1 i m and 1 j n, to the terminal during the call set-up procedure for CBR users. Subsequently, the CBR terminal uses the signature assigned to it to indicate its status through the dedicated CM. Whenever a talkspurt begins, the voice terminal sends an ACTIVE request to the BS via its dedicated signature pair (i; j ), where 1 i m and 1 j n.
Hence, at the end of each uplink control slot, the BS knows which CBR terminals are active and can then make slot allocations accordingly. After that, the BS broadcasts slot allocations through the downlink control slot to the terminals. The terminal IDs of the uplink and downlink slot allocations are carried by the UID and DID fields of ASs. Upon receiving the messages on ASs, an active CBR terminal transmits an information packet into the I m (m N f ) slot, and the I m slots of subsequent frames are reserved for this voice terminal until the talkspurt finishes. This reservation mechanism is activated by the terminal to continuously send the ACTIVE indicator through its dedicated signature pair (i; j ), where 1 i m and 1 j n, in successive frames. At the end of the talkspurt, the terminal releases the time slot by ceasing the transmission of the ACTIVE indicator. Thereafter, the BS can assign the corresponding slot to other terminals.
C. NC-PRMA With STDD Scheme
In a two-way conversation, it is often the case that only one end is active. By exploiting the characteristics of the conversation, Wang et al. [13] introduced the shared time-division duplexing (STDD) strategy to multiplex the traffic from both the uplink and downlink paths into a common channel. Compared to the FDD scheme, STDD obtains a higher statistical multiplexing gain and suffers a lower access delay. In addition, under the STDD allows BSs to dynamically allocate slots for the uplink or downlink packets in response to fluctuations of traffic in the system. Fig. 2 displays the frame structure of the NC-PRMA/DA protocol with the STDD scheme. In the STDD scheme, the channel is slotted as with FDD, but the traffic of both the uplink and downlink shares a common radio channel. Therefore, the channel rate of the STDD scheme is designed to be twice as high as that of FDD. As a consequence, there are 2N f information slots in each frame besides one uplink control slot (CU ) and one downlink control slot (CD). The frame duration is identical to that of FDD. The control slot C U is also divided into m control minislots with each having n signatures, and it operates in the same way as the uplink control slot (CU ) in the FDD scheme. In the same manner, the terminal transmits ACTIVE indicators through its dedicated signature pair (i; j ), where 1 i m and 1 j n.
For the downlink control slot CD , we divide it into 2N f ASs. Furthermore, each assignment minislot (AS n ) consists of two fields: the A field and the ID field. The A field indicates that the corresponding In (n 2N f ) slot is allocated for uplink or downlink and the ID field specifies which terminal is associated with the corresponding I n slot. By monitoring the A and ID fields of each AS, a terminal may realize if it is successful in gaining a reservation or if any information packet is transmitted to it.
III. RESOURCE ALLOCATION ALGORITHM
A. Available Slot Allocation Algorithm
In the NC-PRMA/DA protocol, each frame contains N f information slots, which include N a available slots and N r reservation slots, where N r = N f 0 N a . Reservation slots are used to carry information bits.
The slot duration is the transmission time of an information packet. Available slots are used to receive access requests of new users. The aim of the dynamic allocation of available slots is to track the number of contending users in a frame. In this manner, the unnecessary waste of control slots can be reduced. The contending users of the next frame can be estimated from the number of available slots (Na), the number of successful access slots (N s ), the number of collision slots (N c ), and the number of unused slots (N u ) in a current frame. The allocation of available slots used in PRMA/DA was formulized as in (1), shown at the bottom of the next page [9] , where N (k+1) a denotes the number of available slots at the next frame, N (k) a is the number of available slots at the current frame, S C;rev is the set of CBR stations which are in talkspurt and have a reservation slot, SV is the set of VBR reserving stations, R p is the peak rate of the related medium, and R m is the mean rate of the related medium. As illustrated in (1), the maximum number of available slots is limited to (N f 0 i2S
Rp;i 0 j2S
Rm;j ), which is a reasonable estimate to maintain all active users with their needed QoS. In other words, the QoS of the existing users should be maintained when allocating available slots to accept new users' access requests. Nevertheless, in this allocation algorithm, there are always one or more available slots allocated in spite of heavy traffic, which is impracticable. To make use of the bandwidth more efficiently, this drawback must be overcome. Therefore, we made a modification of this algorithm. Our algorithm is described as follows:
if ( ) else See the second equation at the bottom of the page.
In this modification algorithm, when the system is heavily loaded, no available slot is allocated, which makes more efficient use of the bandwidth than the original algorithm.
B. Reservation Slot Allocation Algorithm
The available slots Na and reservation slots Nr in a frame are allocated dynamically according to current traffic loads and statistical characteristics of the calls. After deciding the number of available slots, the number of reservation slots assigned to each medium is based on its priority. The total number of slots assigned to all CBR reserving stations Nr;CBR is Nr;CBR = min 
To protect the real-time characteristics of video service, the mean rate Rm of VBR users can be used to estimate the needed slots of VBR reserving users. ABR reserving users have the lowest priority due to the nonreal time property of the data. Hence, the reservation slots of these two media are 
where Nr;V BR and Nr;ABR are the total number of VBR and ABR reservation slots, respectively, and D V and D D are the total number of slots requested by the reserving VBR and ABR users, respectively. Now, the reservation slots of each medium can be allocated to the reserving terminals using the first-come-first-serve (FIFO) discipline and on an average. That is, the reservation slots of each class are distributed in proportion to the average traffic rate (the parameter R m ). As in the case of slot allocation for each traffic class, the surplus slots gathered from the terminals that request less will be distributed to the terminals which request more. Another flaw in the allocation algorithm adopted in [9] is that if the traffic is light, there may be some slots left behind as nonallocated. Actually, this situation indicates that there are few users in the system. However, if we allocate the remaining slots as available slots, then we can enhance the chance of contending stations. This is described as follows: IV. SNC-PRMA/DA WITH FDD OR STDD SCHEME SNC-PRMA/DA [12] is a modification of NC-PRMA/DA. The major difference between NC-PRMA/DA and SNC-PRMA/DA is that the BS operates a scheduling algorithm to allocate slots for CBR packets in the SNC-PRMA. Hence, SNC-PRMA/DA has more flexibility in arranging bandwidth than the original NC-PRMA/DA. The frame structures of SNC-PRMA using FDD and STDD are the same to those of the NC-PRMA. As for the allocation of available slots, the algorithm is also identical as what we described in Section III. For the allocation of reservation slots, we made a slight modification in the allocation of the CBR reservation slots as follows: 
Here, we take the actual demand of the VBR users into account. When the traffic load of the VBR packets in the system is light, this modification allows the system to make use of the bandwidth more efficently. Once the VBR traffic load is light, the CBR stations can use more bandwidth, which is different from the original algorithm we described in Section III. However, another problem arises from the modification we made. In the NC-PRMA/DA protocol, the slots assigned to CBR users cannot exceed (N f 0 N a 0 i2S R m;i ) for each frame and the assigned CBR users can reserve the subsequent frame for current talkspurt. Therefore, if the number of active CBR users is larger than (N f 0N a 0 i2S R m;i ), the extra active CBR users should be queued until some of the assigned CBR users release their reservation. However, after considering the actual demand of the VBR users in (6), the reservation mechanism for CBR users should be removed since the CBR users which are in talkspurt state may not be guaranteed enough slots in the subsequent frame due to demand variation of VBR users. To effectively arbitrate access to dynamic CBR bandwidth, a scheduling algorithm for CBR users should be used in SNC-PRMA/DA. Obviously, the scheduling algorithm must have the capability to respond to the frame-by-frame demand variation of VBR users. Now, we describe how to perform the scheduling to allocate CBR channel slots. The BS schedules the CBR packet transmissions according to the packet life time at the beginning of a frame. The valuè i (packet life time) is conveyed through the first information packet of each talkspurt. Once the BS receives the first information packet of a new requesting CBR terminal, the BS knows the terminal's`i value for the successive packets of the current talkspurt because of the periodic characteristic of the CBR packets. Subsequently, the BS makes the slot allocations according to the order of the`i value. A CBR terminal with a small`i takes higher priority for a slot allocation. Based on the scheduling algorithm, the BS places the identifier of every active CBR terminal into the "Polling Register." This mechanism is similar to that used in [7] . The size of the "Polling Register" is set to match the longest life time of a packet.
V. SIMULATION ASSUMPTIONS AND PERFORMANCE MEASURES
A. Design Issues of Time-Frequency Signaling Scheme
For comparison purposes, parameters used in the original PRMA/DA [9] , as listed in Table I , are also adopted for the NC-PRMA/DA and SNC-PRMA/DA with a little modification. Since the frame structures of the NC-PRMA/DA and SNC-PRMA/DA are identical, we only describe NC-PRMA/DA in the following. The purpose of the modification is to support an additional control slot in each frame as mentioned above. Since the NC-PRMA is a centralized protocol, it is not necessary to transmit the address field in the wireless hop. Therefore, the address field of each packet can be extracted to design the time-frequency signaling scheme. Since the header of an ATM cell contains an 8-bit virtual path identifier (VPI) and 16-bit virtual path identifier (VCI), we can extract these 24 bits from both fields to design the time-frequency signaling scheme. Based on the channel rate is 7.067 Mbps, the duration of transmission of 24 bits is about 0.3396 ms, as shown in Table I . Assuming the number of uplink control minislots is m = 10, the duration of each uplink control minislot plus guard time is 0.033 96 ms. Therefore, choosing the duration of each uplink control minislot T = 0:03 ms seems enough to take care of the guard time required in practice. In addition, with T = 0:03 ms, the bandwidth required for each signature is at least 1=T = 33 kHz. Thus, the total bandwidth required for supporting ten orthogonal tones is at least 333 kHz, which is much smaller than the channel bandwidth 7067 kHz. This statement supports our plan to implement the time-frequency signaling scheme for the NC-PRMA/DA protocol.
B. Traffic Source Modeling 1) Voice Traffic Model:
To compare the simulation results, we adopt the same traffic model for NC-PRMA/DA, SNC-PRMA/DA and PRMA/DA. For speech models, a two-state Markov process, including a talk (TLK) state and a silent (SIL) state, is adopted to model the voice traffic. The periods of talkspurt and silence are exponentially distributed with mean time t1 and t2, respectively. Voice calls arrive at the rate of v with a Poisson distribution, and the call duration (Tc) of each voice call is exponentially distributed with an average of 3 min.
2) Variable-Rate Video Model: To model a VBR video traffic source, the variable-rate video teleconference model proposed by Heyman et al. is adopted [16] - [18] . In this variable-rate video traffic model, the number of ATM cells per video arrival period, i.e., 40 ms for a 25 frame/s frame rate, is determined by a negative binomial 
where I is the identity matrix and is the autocorrelation coefficient, and each row of the Q matrix is composed of the probabilities (f 0 ; . . . ; f k ; F K ). The quantity f i , i = 0; 1; . . . ; k is the negative binomial distribution and represents the probability that k ATM cells are present in one video frame. K denotes the peak cell rate and the probability F K = iK f i .
The statistics of a traffic sequence that was generated by a modified version of the H.261 coding standard are obtained in [16] . Based on this observation, the parameters of peak-cell generation rate, average-cell generation rate, standard deviation, and autocorrection of this Markov chain model are listed on the Table I . We fixed the number of VBR traffic users to five. Each of them arrives at the beginning of the simulation and continues communication during the entire simulation interval.
3) Data Traffic Model: ABR calls arrive at the rate of d with a
Poisson distribution. The length of an ABR call is exponentially distributed with an average of 5.12 kbytes, which corresponds to about 107 ATM cells.
C. Performance Measures
The performance measures of interest are the system throughput, CBR blocking rate, CBR initial access delay, CBR packet dropping rate (P drop ), CBR packet rereservation delay, and VBR transmission delay. The maximum number of CBR simultaneous conversations that ensures under P drop 0:01 is also considered.
VI. SIMULATION RESULTS
In this section, simulation results are presented and discussed. All the curves are plotted with a 95% confidence interval. The ABR call arrival rate is set to be v = 0:05 (calls/sec). Fig. 3 shows the system throughput versus the CBR offered traffic for NC-PRMA/DA, SNC-PRMA/DA, and PRMA/DA protocols. Both the FDD and STDD schemes are considered for the former two protocols. From this figure, we observe that the throughput results for the NC-PRMA/DA and SNC-PRMA/DA protocols are somewhat better than that of the PRMA/DA protocol. This is because the noncollision based protocols avoid the collision phenomenon when the MSs transmit ACTIVE requests to the BS. Therefore, the NC-PRMA/DA and SNC-PRMA/DA protocols give somewhat better performance than the PRMA/DA protocol in terms of system throughput. Furthermore, the STDD scheme can accommodate more users than the FDD scheme due to the multiplexing effect on both the uplink and downlink traffic. Hence, NC-PRMA/DA and SNC-PRMA/DA have better throughput with the STDD scheme than with the FDD scheme. Fig. 4 depicts the blocking rate of CBR users versus CBR offered traffic. With the increase of the CBR offered traffic, the CBR blocking rate of the PRMA/DA protocol is rapidly increased. This is because of the contention due to both new calls and reactivated arrivals trying to enter the system. Fig. 5 illustrates the initial access delay for CBR users versus CBR offered traffic. Similar to Fig. 4 , the curves reveal that the performance of NC-PRMA/DA and SNC-PRMA/DA is somewhat better than those of the PRMA/DA scheme under heavy loads. This is because of the effect of catastrophic collisions in PRMA/DA systems makes most terminals not easy to access the BS when the traffic load is heavy. Fig. 6 shows the transmission delay for VBR users versus CBR offered traffic. It is observed that almost the same performance for VBR transmission delay is obtained for the three protocols. This outcome can be explained as follows. To maintain the QoS of VBR users, a portion of the bandwidth is reserved for VBR users using the same resource allocation algorithm. Hence, VBR users have almost the same bandwidth in the protocols considered. Fig. 7 shows the number of simultaneous conversations by CBR users versus CBR offered traffic. Observing Fig. 7 , the NC-PRMA/DA and SNC-PRMA/DA systems accommodate more voice users than the PRMA/DA system, especially under heavy loads. We show the CBR packet dropping rate and CBR packet rereservation delay versus the number of CBR simultaneous conversations in Figs. 8 and 9 , respectively. The results are due to the efficient usage of bandwidth by our modified resource allocation algorithms. If we select a 1% packet dropping rate as the maximum tolerable performance degradation of voice users, Fig. 8 shows that 29, 32, and 36 voice users can be supported in the PRMA/DA, and NC-PRMA/DA with the FDD and STDD schemes, respectively. The number supported of users by SNC-PRMA/DA under the FDD and STDD schemes is almost the same as with NC-PRMA/DA.
From Fig. 9 , it is observed that the packet rereservation delay of the NC-PRMA/DA scheme is shorter than that of the PRMA/DA scheme for the same number of CBR simultaneous conversations which is no more than the maximum allowable capacity under the condition P drop 0:01. Packet rereservation delay indicates the needed time that a CBR conversation to get a reservation when its state is from silent to active. Since the time-frequency signaling scheme that is adopted in NC-PRMA/DA and SNC-PRMA/DA schemes allows the CBR conversations to transmit their bandwidth request to the BS without collision, the packet rereservation delay in this two schemes is just the time to wait for release of time slots from some reserving CBR conversations. On the other hand, the packet rereservation delay in PRMA/DA scheme mainly comes from the request collision when the CBR conversations transmit their bandwidth requests. Since CBR conversations have the benefit of a shorter average packet rereservation delay in NC-PRMA/DA scheme, NC-PRMA/DA scheme has the larger allowable capacity than that of PRMA/DA scheme when the traffic is no more than the maximum allowable capacity. Furthermore, the real-time media can benefit from the shorter packet rereservation delay, the result is important when guaranteed QoS is required. Generally speaking, under heavy load, the collision effect arising from the contention mechanism in PRMA/DA is significant while the NC-PRMA/DA access scheme can efficiently solve this problem through its noncollision characteristics.
One might be concerned about the statistical significance of performance differences among the proposed protocols. Generally, the performance of the protocols that adopt the STDD scheme is superior to those of protocols that do not apply the STDD scheme. From Fig. 3 , it is seen that STDD protocols, including NC-PRMA/DA (STDD) and SNC-PRMA/DA (STDD), have higher system throughput than others. They also have smaller CBR initial access delays, smaller CBR packet dropping rates, and smaller CBR packet rereservation delays, as shown in Figs. 5, 8 and 9 , respectively. Since the STDD scheme considers the traffic from the uplink and the downlink at the same time, it can provide a considerable statistical multiplexing gain. Additionally, the performance of the protocols that adopt a scheduling algorithm is also superior to the performance of the protocols that do not apply a scheduling algorithm. From Fig. 3 , it is seen that the protocols that use scheduling, including SNC-PRMA/DA (FDD) and SNC-PRMA/DA (STDD), have the highest system throughput. They also have smaller CBR packet dropping rates, which is considered to dominate the capacity of the system, as seen in Fig. 8 . We expect these general design approaches, including centralized resource allocation, use of the efficient STDD scheme, and use of a scheduling algorithm, to provide guidelines for MAC protocol design in future wireless multimedia networks.
VII. CONCLUSION
In this paper, we have presented the performance of the NC-PRMA/DA and SNC-PRMA/DA protocols in the wireless multimedia communication environment. Simulation results showed that the NC-PRMA/DA and SNC-PRMA/DA protocols outperform the PRMA/DA protocol in terms of system throughput, CBR initial access delay, CBR blocking rate, and CBR packet rereservation delay. With a slow voice activity detector and the constraint of P drop 0:01, the maximum allowable CBR capacities are 29, 32 and 36 simultaneous users for the PRMA/DA and NC-PRMA/DA protocols with the FDD and STDD schemes, respectively.
Our previous research showed that the maximum allowable CBR capacities of the protocols with a homogeneous traffic model (i.e., fixed simultaneous conversations with voice only) are much larger than the capacity results obtained in this study. One may argue that the degradation of maximum allowable CBR capacity occurs in multimedia systems. The actual bandwidth demand for VBR traffic is time-varying in multimedia systems. For purpose of satisfying its QoS requirements, however, the system should assign each VBR traffic with its mean rate even though the current bandwidth demand of the VBR traffic is light. Thus, it is hard to make use of the remaining bandwidth, i.e., the difference between the actual bandwidth demand and the statistical mean transmission rate, even if the bandwidth demand of VBR users is light. Furthermore, dynamic user arrival patterns are used in our simulations, which may lead to bandwidth consumption for the initial access. Therefore, the maximum allowable CBR capacity is degraded compared to that of the homogeneous system.
I. INTRODUCTION
As one of the most challenging tasks for computer vision and pattern recognition, the problem of automated face recognition (AFR) has been a topic that has been studied for thirty years. Since the end of the 1980s, more and more researchers have devoted themselves to this subject, and many significant results have been achieved [1] , [2] . A fully implemented AFR system usually involves two major tasks: (1) face detection and (2) face recognition. Locating face, or facial organs, in a scene is no doubt, the first essential step. The conventional approaches for face location include, image-based methods [3] , model-based methods [4] - [6] , and NN(Neural Networks)-based methods [7] - [9] . Based upon previous research, face recognition can be roughly divided into two categories [2] , [10] - [12] ; the connectionist approach, which is based upon the learning of neural networks, and the nonconnectionist method, which is based upon matching of face model. As an effective approach, the eigenfaces method [13] - [16] computes the principle components of an ensemble of facial images to serve as feature vectors. Intrinsically, these features seek to capture the holistic, or gestalt-like nature of facial images, and can be named as algebraic features.
Despite the research mentioned above, many drawbacks and difficulties still exist relating to the AFR system. What we first point out is the relationship between the human and machine in face recognition. Human beings have an innate and remarkable ability to handle face recognition on a daily basis. The mechancs of this have not been fully explored, however, so using a computational or analytical face model with enough flexibility and efficiency is not something that can yet be mimicked. From a cognitive view, two facts give us good enlightenment to propose a novel AFR system. The first is that human beings have a strong ability to learn from new samples and enrich patterns and knowledge stored in memory. This inspires us to develop an improved version of the NN-based method for eye detection in our AFR system.
